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(54) Title: CAP PIERCING STATION FOR CLOSED CONTAINER SAMPLING SYSTEM 

(57) Abstract: A piercing station for piercing sample container caps or thick stoppers. The piercing station has a structural frame 
with two vertical guide rods. A carriage assembly is slidably mounted on the guide rods and is further driven to move up and down 
along the guide rods. The carriage assembly carries a blade holder, which in turn holds a piercing blade assembly. The blade assembly 
includes a center blade and two cross blades interlocked together, such that the blade assembly has a generally modified -sh^^ed 
cross section for piercing a cap on the sample container. Lubricant left in or on the sample container cap by the piercing station 
reduces the force required by the sample probe to penetrate thick stoppers for sample aspiration and level sensing. The *'H**-sh^>ed 
cut helps to equalize the pressure in the sample container during sampling, so that clot detection is more effective. 
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CAP PIERCING STATION FOR CLOSED CONTAINER SAMPLING SYSTEM 

p^^r yv^OTTNn OF THE INYM IQH 
Area of the Art 

T^e p^se.^ mvention relates g^-erally to closed conto>er sampling systems, 
„eh as Cmical chemistry ^yzers. and. more specifically, .o piercing stations for a 
closed container sampling system. 

andy^g systems often «se closed contamers to 

, contain samples to be analyzed. One of ^ initial and necessary fimctions of such 
sampHng systems is to pierce the cap or sto^^er on Cosed contamers m «h.ch ^ 
sZies are contained to obtain an opening on the cap or stopper for the ^hscuent 
IZtionofasamplingprohe. ^s cap pieming ftmCion is often perf«med by a cap 

oiercinis station ofthe sampling system. 

' . , V .™dm,s the cap piercing station often employs piercmg 

, conventional samplmg systems, tne cap pici b ..... 

This tvoe of conventiooal piercmg blade 
blades that have an X-shaped cross-sechon. This type ol 

With anX-shapedcross-sectionappearsmbe able topiercethroughcaps or stop^t^ 
^^lativelythin. However, .h«e a. several disadvantages of this convenhonal type of 

piercing blade with an X-sh^ed cross-section. . . . ^a, 

^ Oneofthemaiordisadvantag.softheconventi„naltypeofapt«cmgbladew,at 

an X-shaped cross-section is that it is not suitable for piercing thiclc (,... approxnuately 
0.95 cm (3/8 inch)) caps or s^ers that are made of rubber material or «.e Ulc. Wh^ 
i^g a sampling p^be into the X-shaped cut made on the cap or stopper, the probe 
Zuires too much force to pene«e. result^g in motion errors and string the st^« 
„ ml drive. In addiUon. during withdrawal of the blades and the probe, the contamer 
^tobeUfteduptogedierwiththebladesorprobeandishardtobeheld own. 

Another disadvanUge of this conventional type of a piercing blade wtth an 
X-shaped cross-section is that when a sample probe is subsequently mserted M ^ 
X-shaped cut left on fl,e cap or stopper, the sample probe tends U, re-seal the c^ or 
,0 stopper Tbischarigesfl.epr.ssureprofileinsidethesamplecontainer(dependmgonfl.e 
lit of sample in the container) which can compromise the aspiration of tire sample 
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and the clot detection system that reUes on detecting pressure variations dining the 
aspiration cycle. 

A further disadvantage of this conventional type of piercing blades with an 
X-shaped cross-section is that a false level sense may be produced when a probe is 

5 inserted into the container through a pierced cap or stopper. Oftentimes, container caps 
or stoppers are made with button shaped silicone rubber pieces supported by metallic foil 
closures. While piercing blades with an X-shaped cross-section can pxmch through the 
metallic foil, they only cut the metallic foil with an X-shaped cut. When the sampling 
probe later passes through the cap or stopper to reach the sample, it often touches the foil 

10 and thereby triggers a capacitance shift, which produces a false level sense that causes the 
system to believe that the sample fluid level is reached before the sample probe really 
reaches the fluid level. 

Therefore, it is desirable to provide a piercing station with piercing blades of a 
new design that can reliably pierce thick caps or stoppers made of mbber or like 

15 materials and can also overcome the disadvantages of the conventional type of piercing 
blades with an X-shaped cross-section. 
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SUMMARY OF THE INVENTION , ^ . • 

• J- ^r,t^A in a niercine station for a closed container 
The present invention is directed to a piercing sxauou 

samphng system, such as a clinical chemistry analyzer. 

It is one of the primary objects of the present invention to provide a piercmg 
station for a closed container sampling system, such as a clinical chemistry analyzer The 
piercing station utilizes newly designed and consti^cted piercihg blades that can rehaWy 
pierce tiiick caps or stoppers made of rubber or like materials and can also overcome tixe 
disadvantages of the conventional type of piercing blades with an X-shaped cross- 

section. , , , , . ^ 

Th. cap piercing station of the prcseht invention utilizes pieK±.g blades havmg 

an H-shapcd cross-section, which cut an H-shaped opening in a cap or stopper on the top 
of a sample container. When a sampling probe is suhs«,uently inserted, it stretches the 
opening into an eye-sbaped opening, which provides the necessary ventilation for 

pressure equalization. 

The cap piercing station of the present invention is further designed to work with 
handling raclcs ti^t conuun different sized containers and employs a cap presence sensor 
for detecting whettrer a cap or stopper is present a, the top of a container for prercmg. It 
also utilizes a shunle mechanism for washing the blades between each piecing operation 
,0 eliminate cany-over contamination between sample containers. In addrtion. .. 
,„ incorporates a hydro-pneumatic lubrication and washing mechanism for lubricating and 
washing 4e blade between each piercing operation. The piercing station is also well- 
suited for use in an existing CTS system. 

These and other objects and advantages are achieved in a piercing station that 
includes a stmctirral ftame having two v«tical guide rods and a carriage assembly 
„ sUdablymountedonguiderods. A step motor is provided to drive a lead screw, which m 
mm drives the carriage assembly to move up or down along the guide rod(s). A blade 
holder is mounted on tire upper end of tt>e carriage assembly. An aUgnment block 
assembly, which is independent of tire carriage, slides along the guide rods, and rs hfted 
and lowered by flie vertical motion of the carriage assembly The blade holder holds a 
,0 piercing blade assembly, which includes a center blade witir two parallel rows of three 
lengtirwise slots, and two cross blades, which interlock with the center blade in .ts slots, 
respectively, such that fl.e blade assembly tas a generally modified H-shaped cross- 
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section for piercing a thick cap or stopper on a sample container. The alignment block 
assembly is biased by a return spring for holding the container down when the blade 
assembly is being withdrawn after piercing the cap or stopper. Mounted on the 
ahgnment block assembly and cantilevered over the sample container is an alignment 
5 arm assembly. The arm assembly has a wash towCT and a wick holder, in turn, mounted 
to it, so that they are centered above the sample container station. The design is such that 
the blade assembly must pass through the inside of the wick holder, wick assembly, wash 
station (or "shower**), and through the cap or stopper of the sample container, if 
appropriate. Included on the arm assembly is a cap sensor, which determines whether or 

10 not there is a cap present, or if it is merely an open tube. The arm centers the tube 
(regardless of cap outer diameter) so that the subsequent cut is aUgned with the tube 
center. Another sensor determines the point of vertical contact between the arm and the 
stopper and, thus, the height of the tube. A hydro-pneumatic system provides the 
metered lubrication and washing of the blades, after piercing a sample cap. Two fittings 

15 attach to the wick holder. The fitting supplying the wash fimction feeds wash solution or 
P.I. water into the wash station via a set of nozzles. The other fitting feeds a small 
amo\mt of silicone oil into a wick, through which the blades pass on each cycle. 

The major unique and novel features of the cap piercing station of the present 
invention include the design and construction of piercing blades with an H-shaped cross- 

20 section, the use of a cap presence sensor, the ability to handle various sized containers, 
and the design and construction of the automated washing and lubrication mechanism for 
washing and lubricating the blades between piercing operations to prevent contamination 
caused by carry-over of samples. 

Such an arrangement has been found to provide a number of advantages. As 

25 explained in greater detail below, the new piercing blades with an H-shaped cross-section 
are well-suited for piercing thick caps or stoppers made of rubber or like materials. A 
sampling probe can be easily inserted into the H-shaped cut made on the cap or stopper, 
thereby reducing motion errors and avoiding stalling the stepper motor drive. The blades 
and probe can also be easily withdrawn without lifting up the sample containers. The 

30 eye-shaped opening made by the insertion of the probe also provides adequate ventilation 
to maintain a proper pressure profile inside the container. It also avoids the problem of 

4 
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^ctalUc foil closure, hereby elMnadng ax.y filsc level sense when *o probe is inserted 
into the container through the pierced cap or stopper. 

The invention is described below in its preferred embodiments. 

•tte above-mentioned and other ffemrres of this invention and the manner of 
obtaining them will become more apparent, and wUl be best nnderstood by referent to 
«,e followirrg description, taken in conjunction with the accompanying drawmgs 11^.0 
drawings depict only a typical embodiment of the invention and do not therefore hmtt ,ts 
scope. Ihey serve to add specificity and detail, in which: 

no. 1 is a side view of one of the two cross blades of the new piercing blades; 

FIG 2 is aside view of the center blade of the new piercing blades; 

FIG. 3 is a side view of the other one of the two cross Wades of the new piercmg 

blades; ^ u^ a 

s FIG 4 is a top view of the H-sh^ed cut made by the new piercmg blades; 

: . ma. 5 is a top view of flte eye-shaped opening stretched by the insemon of a 
sampling probe into the H-shaped cut made by the new piercing blades; 

FIG eisasideviewofarackwithsamplecontainersofvariousconfigurahons. 

shpwing the piercing station of flte present invention as suitable to wotk with such 



20 containers; . . . ^-^^ 

HG 7 is a side view schematic of a shu^e mechanism of the piercmg station of 
thepresentinventionwifttheshuttleinan "open-position dmingthepiercingcycle; 

FIG 8 is a side view schematic of tire shuttte mechanism of the piercing station of 
thepre^tmventionwiththeshunleina-closed-positionduringthewashingcycle; 

HG 9 is an exploded view of the aUgmnent arm assembly of the piercing station 

of the present invention; 

HG. 10 is a schematic of a lubrication and washing hydro-pneumatic system of 

the piercing station of the present invention; 

FIG. 11 is a front view of the lubrication pump mechanism of the piercing station 

30 of the present invention; 

FIG. 12 is a cross section of the wash tower and wick holder, and 
FIG. 13 is a side view of the piercing station of the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE 



INVENTION 

The present invention provides a piercing station for a closed container sampling 
system, such as a clinical chemistry analyzer. 
5 Referring to Figs. 1, 2, and 3, there are sho\yn tiiree blades for assembling the 

new piercing blades with an H-shaped cross-section, including a first cross blade 1, a 
centCT blade 2 and a second cross blade 3. The center blade 2 has two parallel rows of 
lengthwise slots 4 for insertion of the two cross blades 1 and 3, respectively. Cross 
blades 1 and 3 are locked into these slots 4 of the center blade to assemble the new 

10 piercing blades. When assembled, the center blade 2 is on a plane perpendicular to the 
two cross blades 1 and 3, such that the assembled piercing blades have a modified, 
generally H-shaped cross-sectional configuration. In this arrangement, the center blade 2 
and the cross blades 1 and 3 reinforce each other, forming a composite blade assembly, 
which is stiff and strong enough for piercing thick mbber caps or stoppers of the sample 

15 containers. The sharpened end of each blade is V- or inverted V-shaped, which reduces 
the piercing load on the cap to xiunirnize the stretching of the cap during piercing. Astan 
example, the center blade 2 and cross blades 1 and 3 may be made of Type 440 stainless 
steel hardened to Rc 58-60 and coated with titanium nitride. The hard coating such as 
titanium nitride on the piercing blades can help to maintain the cutting edges of the 

20 blades and increase the lubricity of the blades. Preferably, each blade has a thickness of 
0.38 mm (0.015 inch). The cross blades may have small slots 72 at the piercing end':for 
venting the sample container. An altemate inverted. V point 73 may be used on the cross 
blades. 

Referring to Figs. 4 and 5, there is shown a modified, generally H-shaped cut 
25 made by the piercing blades of the present invention on a thick rabber cap or stopper of a 
sample container. When a sampling probe 5 is inserted through the H-shaped cut, the 
probe 5 will stretch the cut into an eye-shaped opening. This eye-shaped opening vail 
provide a more adequate and reliable ventilation during the sample cycle, so that 
obstruction detention and sample aspiration meet the system requirements, 
30 Referring to Fig. 6, there is illustrated the piercmg station of the present invention 

that is capable of handling sample containers of various configurations or conditions held 
in a rack 6. For example, rack 6 may have sample containers of different heigjits or 
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containers that are "open," z.e., without a cap or stopper, such as the one shown at 7, or 
containers that are "closed," z.e., with a cap or stopper, such as the one shown at 8. In 
order to handle either "open" or "closed" sample containers that may further have 
different heights, the piercing station of the present invention comprises a single piercing 

5 station 9, which includes a blade holder 10 for holding the piercing blades assembled by 
blades 1, 2, and 3, a blade shower 11, an alignment arm 12, and a trigger device 13. The 
structures and functions of these component parts will be described in detail below. 

Referring to Figs. 7 and 8, there is shown a shuttle mechanism of the piercing 
station of the present invention. The shuttle mechanism includes a shuttle 14 shown in 

10 an "open" position in Fig. 7, out of the way of the blades 1, 2, and 3 during the piercing 
cycle, and also shown in a "closed" position in Fig. 8, covering the sample containers 
during the washing cycle. 

As shown in detail in Figs. 7 arid 8, a c^tive knurled screw 15 is used to hold the 
blades assembled in place in the blade holder 16. The blades pass through the wick 

15 assembly 17, through a wick holder 18, through the wash tower 19, past the shuttle 14 
and through the alignment arm, where the piercing of the cap or stopper 21 takes place. 

The trigger 13 is in its initial state (assisted by a torsion spring), as shown in Fig. 
8. When there is no cap or stopper present on top of a sample container (z.e., the sample 
container is "open"), the flag on the other end of the trigger blocks the light beam in the 

20 photoelectric switch 13a. However, when a sample container 8 is closed by a cap or 
stopper 21, a trigger 13 will be pushed up by the cap or stopper 21, as shown in Fig. 7. 
The motion of the trigger 13 in turn tmblocks the light beam in the photoelectric switch 
13a to inform the control circuitry that there is a cap or stopper 21 to be pierced. The 
trigger 13 pivots on a trigger pin 64 and a pair of bushings 68 (see Fig. 9). The trigger 13 

25 is biased by a torsion spring 70, so that the photoelectric switch 13a beam is blocked 
initially. 

The blades 1, 2, and 3 and blade holder 16 are mounted on the carriage assembly 
23, which rides up and down on two parallel guide rods 24. The ahgmnent block 
assembly 20 moves with the carriage assembly 23. The alignment block assembly 20 has 
30 a strong return spring 22, which holds the container 8 down in rack 6, while the blades 
are being withdrawn after piercing. 

7 



wo 02mi^% 



PCT/USOl/19514 



As shown in Fig. 8, the shuttle 14 closes during the upward motion of the carriage 
assembly 23 carrying the piercing blades. A cam ^oove link 28 is mounted on the 
carriage assembly, which drives the shuttle in and- out through a roller 29. As the 
carriage assembly 23 travels about half way up, the shuttle 14 closes and makes a seal 
5 against the inner tapered surface 30 of the wash tower 19 by means of an o-ring or quad- 
ring seal 31. A wash valve 32 (see Fig. 8 & 10), which feeds the wash inlet 55 to the 
wash tower 19, is turned on. This action sends pressurized wash solution into an annular 
space 65 formed between the wick holder 18 and the wash tower 19, between two o-ring 
seals 56. This annxilar space feeds six downwardly aimed nozzles 57, sending a spray of 

10 wash solution (for example, water) onto the piercing blades. At about the same time (or 
slightly before), a vacuum is introduced at the waste outlet 33 to prevent the wash 
solution and/or waste products from splattering against the inside of the wash tower 19 
and from introducing possibly harmful aerosols into the air. 

Other elements shown in Figures 7 & 8 are the guide rods 24, which maintain the 

15 ahgnment of the carriage 23, the alignment block 20, and the frame 54. The carriage 23 
and alignment block 20 each contain four linear ball bearings 58, which ride on the guide 
rods 24. The shuttle 14 is driven horizontally in and out of the wash tower 19 by the 
guide block 59, which travels on two horizontal guide pins 61. The shuttle. 14 is 
moimted to the guide block 59 by means of a shuttle guide shaft 62, with a compression 

20 spring 63 between the shuttle 14 and the guide block 59. The spring provides the 
appropriate pre-load and compliance when the seal 31 is seated against the inclined 
surface 30 of the wash tower 1 9. 

Figure 7 shows the leadscrew/leadnut assembly 25 threaded into the top end of 
the carriage assembly 23, so that the notch 66 in the leadnut is aUgned with the set screw 

25 67, which prevents rotation of the leadnut. y 
A safety feature is shown in Figure 7 to assure that the field engineer or the 
customer may safely remove wom blades and install new blades without special tools. 
The blade holder 16 is designed to be removed as a unit by loosening the knurled, captive 
screws 75. It makes a good handle while transporting the old blades to a sharps 

30 containCT. The blade assembly, which will be discarded, consists of the 3 blades 1, 2, 
and 3 and a blade clamp 71, which may be fabricated as an inexpensive molded part 
(alternatively, the clamp may be machined from aluminum bar stock). It has a threaded 
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insert in the top, a slot on one side, which guides the blade assembly over a guide pin 74, 
and three slots (one for each blade) for proper blade orientation. Finger-tightening the 
knurled, captive, spring-loaded screw 15 draws the blade assembly and clamp 71 up into 
the cavity in the holder 16 and squeezes the blades tightly in their slots, similar to a collet 
5 used on a milling machine for various cutting tools. To dispose of the blade assembly, 
the blade holder is held over the sharps container, while the knurled screw 15 is loosened 
by hand. After loosening the screw 15, a push down on the head of the screw will 
dislodge the blade assembly, allowing it (clamp and blades) to fall into the sharps 
container. A new set of blades and the clamp are installed in reverse sequence. The 

10 blade sides may be safely handled as there are no sharp edges. The points should be 
covered for shipping, storing, and handling. This cover may be removed once the blades 
are properly installed in the holder 16. 

Figure 8 shows a phantom view of the blade assembly 72 inside the wash tower 
19, on its way to the *1iome" position, after having pierced a thick stopper. At about this 

15 position, the wash solution can safely be admitted to the wash tower for washing the now 
contaminated blade assembly by turning on the valve 32, since the shuttle 14 is now back 
in its sealed position with the vacumn on. 

Fig. 9 is an exploded view of the ahgnment arm assembly showing some of the 
elements involved in the* washing and lubrication of the blades. The oil inlet, 63 meters 

20 the oil into the wick assembly 17. The wash inlet 55 provides wash solution for the 
probe wash ftmction. 

Referring to Figures 10 and 11, there is shown a lubrication and washing hydro- 
pneumatic system of the piercing station of the present invention, and an oil dispenser of 
the lubrication and washing hydro-pneumatic system. The lubrication and washing 

25 hydro-pneumatic system is designed to provide the appropriate amounts of lubrication 
and washing, and for handling waste from the blade cleaning process. It includes a bottle 
of silicone oil 35 with a sealed c^. A hose and a pick-up straw are plumbed from the oil 
bottle 35 to the inlet of the oil dispenser 36. 

In order to accomplish a ftill system prime, such as with a brand new unit, or if 

30 the oil bottle is emptied, and/or air is allowed in the oil supply line, the carriage must be 
moved downward slightly, to remove the squeeze from the elastic tubing, after which it is 
returned to the "home" position. 
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To prime the oil line 39 at start up, system air pressure is applied to the oil bottle 
35 via a pressure regulator 38 and a 3-way valve 37. The 3-way valve is plumbed with 
the common port connected to the bottle 35 and the normally closed port connected to 
the air supply coming from the pressure regulator 38. The normally open port is vented 
5 to the atmosphere. Because the bottle cap is sealed, when the valve 37 is switched on, 
the air pressure forces the oil through the straw, into the oil supply line 39 feeding the oil 
dispenser, the wick holder oil inlet 40 and into the oil wick 56. Because the shuttle 14 is 
in its "closed" position, the vacuum system may be activated at this time to remove any 
excess lubricant from the blade wash tower 19 in case the wick becomes over-saturated. 

10 The air pressure may be adjusted at the pressure regulator 38 to optimize the flow rate of 
the oil dxiring the priming action. The system is now primed and the 3-way valve 37 is 
switched off - allowing the oil bottle to vent off pressure and thus stop the oil flow. To 
prevent siphoning of oil back into the bottle, a series of two check valves are installed, 
one upstream 49 of the oil dispenser and one downstream 41, close to the oil inlet port. , 

15 Referring to Figure 1 1, the oil dispenser 42 uses linear peristaltic action to supply - Vr^; 

a predetermined amount of lubricant to the wick to replace that which is used during each.. 
**wiping" action of the blades as they reciprocate through the wick during piercing. The 
main pump body 43 is mounted on the alignment block 20. Mounted in the pump body«^„,j^ 
: 43, and captured by a pin 45, are four fingers 44 located adjacent to one another and at 

20 right angles to the elastic tube 50, which is routed xmder the fingers, between the fingers -.v^^^^^ 
and the ahgnment block surface. The fingers are depressed sequentially by the action of 
a cantilevered spring 46, with a ball bearing 47 at one end, or some other kind of roller. 
The spring assembly 48 is moimted to the carriage 23, which also holds the blade 
assemblv. The elastic tubine 50 is saneezed durincr each un and down rntfinff or nriminp 
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To assist the check valve action during the time when the system is ofiF-line, a 
fifth finger 52 is provided, which squeezes off the elastic tubing when the carriage 23 is 
in its "home" position. Although nearly all check valves exhibit some amount of leakage 
in the back check direction, this prevents any imwanted back siphoning of the oil out of 
5 the Une into the bottle. This also eliminates having to re-prime the line each day. 

The pump only works when there is relative motion between the carriage 23 and 
the alignment block 20, i.e., a complete cutting cycle. This normally occurs only when 
there is a closed sample tube 8 in a sample rack 6 under the piercing station. Therefore, 
when no tube is present in the sample rack 6 or a sample tube is presented which does 

10 not require piercing (such as an open or pre-cut tube), the cap detection trigger does not 
move, and the piercing cycle is aborted, and no oil is dehvered. 

In the event that a **miniprime" needs to be done (which may be required after the 
system is inactive for a period of time and the wick tends to dry out), a stop block 53 
(attached to the firame 54) causes the ahgnment block 20 to stop on its way down with 

15 the carriage 23. The carriage 23 is allowed to finish its oil dehvery stroke. The stop 
block 53 is located below the shortest expected tube height. The software normally does 
not permit the carriage to move this far down unless a "miniprime" is requested. With 
the stop block feature, a sample rack need not be present to do a ''miaiprime." 

Referring to Fig. 12, there is shown a wick assembly 17 of the piercing station of 

20 the present invention. The wick assembly 17 is detachably mounted on the wick holder 
18 for easy maintenance and replacement. The wick assembly holds the wick 56, which 
is preferably a circular shaped pad made fi*om some woven and absorbent fabric material. 
It forms a reservoir, which holds a small quantity of lubrication oil in contact with the 
blades- The oil enters the wick space through the port 63 in the wick holder. The oil 

25 delivery tube 75 comes firom the outlet of the linear pump 42. The wick is subject to 
normal wear and tear and is, therefore, contained in one disposable assembly. 

The wash delivery tube 76 is connected to the 2-way valve 32. The inlet fitting 
55 for the wash is located in the wick holder 1 8 and the wash enters the annular space 65 
(which is isolated by seals 56) to feed the nozzles 57 in the wash tower 19, The six 

30 nozzles 57 are currently aimed to hit all the exposed comers and surfaces of the blades 1, 
2, and 3, Vent holes 77 admit ambient air dming the wash/vacuum cycle to prevent a 

11 



nwQnnrirv rnmiTOA? i > 




WO oirnnm 



PCT/USOl/19514 



10 



15 



20 



25 



large pressure gradient from building up between the wick 56 and the vacuum source. 
This tends to dry out the wick. 

Referring to Fig. 13, there is shown the. set-up arrangement of the piercing station 
of the present invention. The carriage assembly 23 is driven by a lead screw 25 
terminating in a grooved pulley 78, which in turn is dbriven by a stepper motor 26 through 
a belt 27. The motor 26 mounts to the motor mounting plate 81 for a belt tension 
adjustment. A *Tiome** sensor/flag 58 is provided at the top of the carriage travel. A 
container height sensor/flag 59 is installed between the carriage assembly 23 and the 
alignment block assembly 20, which is used to measure , the height of the sample 
container that comes in contact with the alignment block assembly 20. The piercing 
station is supported by a frame 54. The oil dispenser 42 is located at the front of the 
aUgnment block 20 and the spring/roller mounted on the carnage assembly (see Fig. 1 1). 
The sample rack 6 with sample containers is guided into the piercing station by rails 68. 
A bar code reader 69 is provided to scan incoming racks, which determines whether or 
not the sample containers in a particular rack should be pierced. The upper valve -:::,:tS±. 
assembly 79 contains valves 32 and 37. The lower valve assembly 80 contains a valve :/ v:^^? 
51 and a pressure regulator 38, irir^^ 

The piercing station of the present invention has many advantages. The new 
piercing blade assembly design with multiple interlocked blades forming a stiff and i -^j^ 
durable piercing blade assembly with minimum bending can reliably pierce a thick ? -^,^-4; 
(typically 0.95 cm (3/8 inch)) rubber cap or stopper in the top of a sample container made - — 
of either glass or plastic without leaving debris or breaking the container. If the blades 
do come in contact with the sample inside the container, the blades are washed between 
each sample, so carry-over is minimal. The lubed piercing blades with an H-shaped 
cross-section can reduce the amount of vertical force required to pierce a thick cap or 
stopper, which prevents jamming the cap or stopper into the sample container and also 
reduces the retraction force required to strip the cap or stopper from the piercing blades. 
The H-shaped cut made by the new blades allows adequate ventilation during sample 
probe entry, so that obstruction detection and sample aspiration meet the system 
requirements. Additional vertical slots in the cross blades help to vent the tube at the 
piercing station. The cut made in the cap or stopper also allows multiple penetrations of 
the sampling probe without dislodging pieces of rubber or creating excessive debris. 
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The station has a washing system that cleans the blades between sample 
containers to eliminate cairy-over contamination. It also has a lubrication system that 
lubricates the blades, which reduces force on the blades during the piercing operation and 
also leaves a small amount of lubricating oil on the pierced cap or stopper to reduce the 
5 force required by the sample probe to penetrate into and retract from the pierced cap or 
stopper later in the cycle. The oil dispenser can accurately dispense a fixed volume of oil 
in each cycle, without the complexity of a syringe pump that typically requires added 
motors. 

The station can automaticaUy distinguish between an "open" or a "closed" 
10 container. It also has a container height detection feature which determines whether a 
container is within the required range for piercing. 

The set up and installation of the new piercing station is also safe and easy. The 
piercing station of the present invention is interchangeable with an existing Closed Tube 
Sampling (CTS) system, commercially available from Beckman Coulter. 
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WHAT IS CLAIMED IS : 

1 . An apparatus for piercing container caps, comprising: 

a) a blade assembly, including a center blade (2) and two cross blades (I, 3) 
interlocked together, such that the blade assembly has a generally 

5 modified H-shaped cross-section; and 

b) means for moving said blade assembly to pierce a c^ (8) on a container 
(7). 

2. The apparatus as defined in claim 1 , wherein said center blade further has at least 
10 two parallel lengthwise slots (4) for interlocking attachment of said two cross 

blades (1,3). 

3. The ^paratus as defined in claim 1 or 2, wherein each said center (2) and cross 
blades (1, 3)has a generally V- or inverted V-shaped piercing end for spreading 

15 the load across the width of each blade (1,2,3). 

4. The apparatus as defined in any of the claims 1 to 3, wherein said means for 
moving said blade assembly fiirther comprises: 

a) a structural firame (54) having at least one guide rod (24); 
20 b) a carriage assembly (23) slidably mounted on said guide rod (24); 

c) means for driving said carriage assembly (23) to move along said guide 
rod (24); and 

d) a support aim carried by and moving with said carriage assembly (23) for 
holding said blade assembly. 

25 

5. The apparatus as defined in claim 4, wherein said means for driving said carriage 
assembly (23) fiirther comprises a lead screw (25) for driving said carriage 
assembly (23) and a motor for driving said lead screw (25). 

30 6. The apparatus as defined in any of the claims 1 to 4, fiirther comprising an 
alignment (20) block assembly also carried by and moving with said carriage 

14 



BNSOOCID: <WO_0201 ^79A^J^> 



WO 02/01179 

oonuincr (78) do™ when said piecing blade assembly .s be«^ after 
piercing said cap (8). 

f*\.^ ruim^ 1 to 6 further comprising means for 
5 7. The apparatus as defined m any oftheclamisl to b.iurm 

washing said blade assembly. 

. • 1 • ' n «,hM-em said means for washing said blade 
8 The apparatus as defined m claim 7. wherem saia me 

v n having a chamber for said blade 
assembly further comprises a wash tower (19) havmg 

10 assembly to pass througb. 

, The apparah. as defined h, data 7 or 8. wherein said for washing said 

Madele»bly«^erc„n^risesashu«le.echanisn.n,onntedbelowsa.dw^ 

. 1. • o c>,i,ttle (U) movable between an open position tor 
tower (19) and havmg a shutue ^.i**; muvoui 

i:ii Ld blade assembly .0 pass and a dosed position for sealing off sard 
1 L after each pierCg operation when said blade assenrbly rs ben>g 



washed. 



A ir. rlaim 9 wherein said shuttle (14) is driven 
10. Tbe apparams as defined m clami 9, wnere 

horizontallybyacamthroughthemotionofsaidcarriageassembly(23). 

U apparatus as defined in any of the claims 7 to 10 . wherein 

. washTg said blade assembly ^.comprises a series of nobles (.^^^^ 

said blade assembly and angled down, said nozzles (57) bemg machmed ^ an 
upper end of said wash tower (19) for cleaning and washing saidblade assembly. 

apparatus as defined in any ofthe claims 1 to 11. f^er comprising means 
for lubricating said blade assembly before eachpiercing operation. 

^.finea in claim 12 wherein said means for lubricating said 
,A n The apparatus as defined m.ciaun iz, wu , , „ 

30 13. inc pp „„t«^ner for containing a lubricant, a hydro- 

blade assembly further comprises a contamer for conta b 

A ^«r,taiTier for priming with said lubricant, 
pneumatic system for pressunzmg said contamer lor pnming 
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. and a precision linear pump for dispensing said lubricant. 

14. The apparatus as defined in claim 12 or 13, wherein said means for lubricating 
said blade assembly further comprises a replaceable soft and absorbent pad 
arranged in contact with said blade assembly for applying said lubricant to said 
blade assembly. 

15. The apparatus as defined in any of the claims 1 to 14, further comprising means 
for sensing the existence of said cap (8) on said container (7). 

16. The apparatus as defined in claim 15, wherein said means for sensing the 
existence of said cap (8) on said container (7) includes a photoelectric sensor. 

17. The apparatus as defined in any of the claims 1 to 16, further comprising means 
for sensing the height of said container (7). 

18. The apparatus as defined in any of the claims 1 to 17, further comprising means 
for guiding a rack (6) containing said containers (7). 

19. The apparatus as defined in claim 18, further comprising means for ascertaining, 
information of said rack (6). 

20. An apparatus for piercing caps (8) on containers (7) containing chemical samples, 
comprising: 

a) a structural fi^ame (54) having at least one vertical guide rod (24); 

b) a carriage assembly (23) slidably moxmted on said guide rod (24); 

c) means for driving said carriage assembly (23) to move up or down along 
said guide rod (24); 

d) a support arm carried by and moving with said carriage assembly (23); 

e) a piercing blade assembly held by said support arm and including a center 
blade (2) and two cross (1, 3) blades interlocked together, such that the 
piercing blade assembly has a generally modified H-shaped cross-section 
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for piercing a cap (8) on a sample container (7,8); 

f) a wash tower (19) mounted on said alignment block (20) and having a 
chamber for said blade assembly to pass through; 

g) means for washing said blade assembly; and 
5 h) means for lubricating said blade assembly. 

21. The apparatus as defined in claim 20, wherein said means for driving said 
carriage assembly (23) further comprises a lead screw (25) for driving said 
carriage assembly (23) and a motor for driving said lead screw (25). 

10 

22. The apparatus as defined in claim 20 or 21, wherein said center blade (2) further 
has at least two parallel lengthwise slots (4) for interlocking attachment of said 
two cross blades (1, 3). 

15 23. The ^paratus as defined in any of the claims 20 to 22, wherein each said cross 
blade (1, 3) further has at least one vertical slot for venting between inside of said 
sample container (7) and outside ambient pressure during piercing. 

24. The apparatus as defined in any of the claims 20 to 23, wherein each said center 
20 (2) and cross blades (1, 3) has a generally V- or inverted V-shaped piercing end 

for spreading the load across the width of each blade. 

• 25. The apparatus as defined in . any of the claims 20 to 24, further comprising an 
alignment block assembly (20) also carried by and moving with said carriage 
25 assembly (23) and further biased by a return spring (22) for holding said container 

(7) down when said piercing blade assembly is being withdrawn after piercing 
said cap (8). 

26. The apparatus as defined in any of the claims 20 to 25, wherein said means for 
30 washing said blade assembly further comprises a shuttle mechanism mounted 

below said wash tower (19) and having a shuttle (14) movable between an open 
position for allowing said blade assembly to pass and a closed position for sealing 
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off said wash tower (19) after each piercing operation when said blade assembly 
is being washed. 

27. The apparatus as defined in any of the claims 20 to 26, wherein said means for 
washing said blade assembly further comprises a series of nozzles (57) aimed at 
said blade assembly and angled down, said nozzles (57) being machined into an 
upper end of said wash tower (19) for cleaning and washing said blade assembly. 

28. The apparatus as defined in any of the claims 20 to 27, wherein said means for 
lubricating said blade assembly further comprises a container for containing a 
lubricant, a hydro-pneumatic system for pressurizing said container for priming 
with said lubricant, and a precision linear pump for dispensing said lubricant. 

29. The ^paratus as defined in any of the claims 20 to 28, wherein said means for 
lubricating said blade assembly further comprises a rqplaceable soft and 
absorbent pad located inside said wash tower (19) and arranged in contact with 
said blade assembly when it passes said wash tower (19) for applying said 
lubricant to said blade assembly. 

30. The apparatus as defined in any of the claims 20 to 29, further comprismg means 
for sensing the existence of said cap (8) on said sample container (7). 

31. The apparatus as defined in claim 30, wherein said means for sensing the 
existence of said cap (8) on said sample container (7) includes a photoelectric 
sensor. 

32. The apparatus as defined in any of the claims 20 to 31, further comprising means 
for sensing the height of said sample container (7). 

33. The apparatus as defined in any of the claims 20 to 32, further comprising means 
for guiding a rack (6) containing said sample containers (7, 8). 

18 
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A fi.ed in claim 33 further comprising means for ascertaining 
The apparatus as defined m ciama :>j, i*"" 

information of said rack (6). 

M appara«.s forpier^ng caps (8) on oonuiners (7)con.aining cheoUca. samples, 

comprising: , ,^a\ 

,^ a sm-ctuialftam. (54) having two vertical guide rods (24); 

W a carriage assembly (23) sUdably mounted on said guide rods (24); 
c) 

said guide rod (24); 



35. 



a carnage asscixiL/ij v— -/ . 

n^eans for driving said carriage assembly (23) to move up or down along 



asuppor.armcarriedbyandmovingwiasaidc3rriageassembly(23), 
e apiercingbladeassemblyheldbysaidsupportarmandindudrngacenter 
Ide (2) with a. least two parallel lengthwise slots (4) and two cross 

blades (1, 3) interlocked with the center blade (2) in its two slo«. 
^Uvely. such ftat the piercing blade assembly has a generaUy 

modified H-shaped cross-secdon for piercing a cap (8) on a sample 

container (7); , 
. an alignm^-t block assembly (20) a^o carried by and movmgw^aard 

earriage assembly (23) and finther biased by a return spring (22^^ for 
holding said container (7) down when said piercing blade assembly ts 

being withdrawn after piercing said cap (8); 

g) a wash tower (19) mounted on said alignment block and having a chamber 

for said blade assembly to pass through; 

h) „.eansforwashingsaidbladeassemblyaftereachpiercingoperat.on; 

i^ „,eansforlubricatingsaidbladeassemblybeforeeachpiercingoperat.on^^ 
j) means for sensing the existence of said cap (8) on said sample contamer 
(7);and 

means for sensing the height of said sample contamer (7). 



k) 



36. 

30 



The appaxan. as defined in claim 35. wherein said means for drrvmg sard 
earriage assembly (23) further comprises a lead screw (25) for drivmg sard 
carriage assembly (23) and a moU,r for driving said lead screw (25). 
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37. The apparatus as defined in claim 35 or 36, wherein each said center (2) and cross 
(1, 3) blades has a generally V- or inverted V-shaped piercing end for spreading 
the load across the width of each blade. 

38. The apparatus as defined in any of the claims 35 to 37, wherein said means for 
washing said blade assembly further comprises a shuttle mechanism moimted 
below said wash tower (19) and having a shuttle (14) movable between an open 
position for alloAving said blade assembly to pass and a closed position for sealing 
off said wash tower (19) after each piercing operation when said blade assembly 
is being washed. 

39. The apparatus as defined in any of the claims 35 to 38, wherein said means for 
washing said blade assembly further comprises a series of nozzles (57) aimed at 
said blade assembly and angled down, said nozzles (57) being machined into an 
upper end of said wash tower (19) for cleaning and washing said blade assembly. 

40. The apparatus as defined in any of the claims 35 to 39, wherein said means for 
lubricating said blade assembly further comprises a container for containing a 
lubricant, a hydro-pnemnatic system for pressurizing said container for priming 
with said lubricant, and a precision linear pump for dispensing said lubricant. 

41. The apparatus as defined in any of the claims 35 to 40, wherein said means for 
lubricating said blade assembly further comprises a replaceable soft and 
absorbent pad located inside said wash tower (19) and arranged in contact with 

. said blade assembly when it passes said wash tower (19) for applying said 
lubricant to said blade assembly. 

42. The apparatus as defined in any of the claims 35 to 41, wherein said means for 
sensing the existence of said cap on said sample container (7, 8) includes a 
photoelectric sensor. 

43. The apparatus as defined in any of the claims 35 to 42, fiirther comprising means 
for guiding a rack (6) containing said sample containers (7, 8). 
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The apparatus as defined in Claim 43, further compnsmg 
inforaiation of said rack (6). 

Th. apparatus as detoed m any of *= 40 .0 44, ^ said pr.^0. 

p^p oon^ a series of a4ja«nt fingers (44) mounted over a length of 
eustomeric tubing (50) and orU.ogo„aI to said tubing (50). and a preloaded 
oantilevered spring (46) with a roller on one end and n»un.ed on sard oarr.age 
assembly (23) on the other end. ^ ^ said spring (46) «u. roU ov« sa.d 
5^,^(44) sequentiaUy to squeeze outaprecise amount oflubncantmtoawtok. 

apparatus as defined in Cain. 45. wherein said spring assembly (48) is 
eapable of rolling over said fingers (44) of «.e precision linear pump upon .he 
motion of said carnage assembly (23). 

apparatus as defined in any of «3e claims 40 to 46. wherein the flow of sa.^ 
l^oan, is directed by the down stroke of said carnage assembly (23), ^ 
.ontrolled by two smaU^splacemen, and non-elastomeric check valvea located 
™e on each side of said elastic tubing (50) for bloddng the flow in the reverse 

direction. 

apparatus as defined in any of the claims 45 to 47, wherein the volumetric 
flow of said lubricant is primarily detennined by the number and w^dth of saad 

fingers (44) and the cross-sectional open area of said elastic tubmg (50). 

T^e apparatus as defined in any of the claims 45 to 48, fiarther comprises an 
additional finger (44) over said tubing (50) located at where said roUer on saad 
cantilevered spring (46) comes to rest when said carriage assembly (23) .s at its 
home position, to prevent the backflow of said lubricant. 

, ^ J • ^^<,im<^ 35 to 49 , fiirther comprises a stop 

The apparatus as defined m any of the claims 33 to t:. , 

• J f ^ <^««tMnff downward travel of said alignment 

block mounted to said firame for stoppmg downwar 

•A ^^ir.* ^JJh^^(' allowing said carriage assembly (23) to 
block (20) at a predetennmed pomt, while auowmg 
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keep moving, to create an oil pumping action during priming when no container 

(7) is in position. 

The apparatus as defined in claim 50, wherein a precise amount of oil is 
dispensed onto a wick, such that said blade assembly can pick up a portion of said 
amoimt of oil from said wick and transport said portion of said oil onto said cap 

(8) of said sample container (7) during piercing, and leaves part of said portion of 
said oil on said cap (8) of said container (7) after piercing because of the vacuum 
pre-existed in said container (7), which reduces the friction for insertion of a 
sample probe into said cap (8) of said container (7) during subsequent sampling. 

The apparatus as defined in any of the claims 35 to 51 , fiirther comprising a 
three-way valve (37) connected to a system regulated vacuum source, said valve 
having a normally closed port plumbed to an outlet port of said shuttle 
mechanism to control the vacuum when said blade assembly is washed, and a 
normally open port plumbed to an inlet port of said wash station to remove 
remaining fluid after washing said blade assembly. 

The apparatus as defined in any of the claims 1 to 52, fiirther comprising means 
for movmting said blade assembly to said supporting arm, which includes captive 
hardware designed for safe installation and removal of said blade assembly 
without special tools and allowing one-handed disposal of said blade assembly 
into a collector. 
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